ABSTRACT. Minimizing the impact of climate change on farmer livelihoods is crucial, but adaptation efforts may have unintended consequences for ecosystems, with potential impacts on farmers' welfare. Unintended outcomes of climate adaptation strategies have been widely discussed, however, empirical exploration has been neglected. Grounded in scholarship on climate adaptation, environmental governance, social-ecological systems, and land-use change, this paper studies whether farmers' climate adaptation contributes to deforestation or forest conservation. The paper draws on interviews with 353 farmers from 46 communities in Calakmul Biosphere Reserve in Mexico and Maya Biosphere Reserve in Guatemala. Farmers in the area of study have implemented adaptation strategies that people around the world have used for centuries, including migration, diversification, savings, and pooling. The findings show that climate adaptation can increase deforestation or support forest conservation depending on the type of adaptation strategy farmers implement. Saving, based on cattle ranching, is a deforestation-driving strategy. The choice of this strategy is influenced by distance to the commercial and administrative center and cash benefits from the forest. Deforestation can have a negative impact on farmers' welfare, as well as harm biodiversity and contribute to increased climate change. Thus, deforestation-driving adaptation strategies may be ineffective. However, diversification, based on off-farm jobs and operating provision shops, is a conservation-driving strategy influenced by distance as well as by family size. Farmers who choose diversification to adapt may contribute to a virtuous circle in which livelihood improvement in the short term leads to enhanced social-ecological resilience in the longer term. The need for farmers to implement adaptation strategies thus represents great risk but also opportunities.
INTRODUCTION
Climate change is affecting the livelihoods of millions of families in rural areas around the world. Farmers in frontier regions who rely on seasonal agriculture are facing serious economic losses and shorter recovery periods due to more intense and more frequent droughts, floods, or hurricanes, as well as higher unpredictability of rains (Bohle et al. 1994 , Intergovernmental Panel on Climate Change (IPCC) 2007a). The development of adaptation strategies aiming to minimize the impact of climate change on farmers' livelihoods is thus crucial (Abramovitz et al. 2002) . However, farmers' adaptation might also produce unintended outcomes (Batterbury and Forsyth 1999 , Barnett and O'Neill 2010 , Cinner et al. 2011 , Fazey et al. 2011 . For instance, if farmers' adaptation strategies contribute to deforestation, adaptation can become ineffective and inequitable. Alternatively, adaptation might contribute to forest conservation, supporting social and ecological resilience simultaneously. Hence, empirical studies of the effects of adaptation beyond its goal to support livelihoods in the face of climate stimuli are necessary, yet still scarce.
Adaptation as a field of study has already recognized the importance of adaptation effectiveness, maladaptation and ecosystem-based adaptation (Barnett and O'Neil 2010 , Locatelli et al. 2010 , Brown 2011 , Eriksen and Brown 2011 . These studies acknowledge the potential of adaptation to produce unintended outcomes, as well as the importance of implementing adaptation strategies that protect ecosystem services. Nevertheless, these studies are mostly conceptual and theoretical. The literature on adaptation has not yet provided empirical cases analyzing the secondary outcomes of farmers' climate adaptation on forests. Likewise, for decades scholars have extensively studied land-use change (Angelsen and Kaimowitz 2001 , Rudel et al. 2009 , Turner 2010b , Lambin and Meyfroidt 2011 , Hosonuma et al. 2012 , without analyzing the impact of adaptation as a deforestation driver.
Grounded in scholarship on climate adaptation, environmental governance, social-ecological systems, and land-use change (Agrawal 2001 , Lambin et al. 2001 , Adger 2005 , Lemos and Agrawal 2006 , Nelson et al. 2007 , Ostrom 2009 , in this paper, I study whether farmers' climate adaptation contributes to deforestation or forest conservation in two biosphere reserves in Mexico and Guatemala. Pursuing this question without accounting for demographic, economic, and institutional factors, already identified as key to explaining land-use change (Lambin et al. 2001 , Rudel 2006 , Bottazzi and Dao 2013 , would however overestimate the contribution of adaptation strategies (Agrawal and Chhatre 2006 ). An additional concern to take into account for the analysis of the relationship between adaptation and forest cover change is related to the distinction between proximate and underlying causes of forest change Lambin 2001, Turner et al. 2007 ). To address these concerns, I examine the influence of adaptation strategies, as proximate causes, together with socioeconomic and institutional factors, as underlying causes, on changes in deforestation/forest conservation. (Bray et al. 2008 , Conservation International (CI) 2012).
Fig. 1. Calakmul and Maya Biosphere Reserves
The region covered by the studied biosphere reserves was heavily used during the times of the great Maya civilization (Klepeis and Turner 2001) . After the ancient Maya cities were abandoned, around 900 A.D., the forest grew back and the area remained scantily populated. With few people in the region, the forest that grew over Maya ruins was used only for timber and nontimber forest products extraction (Primack et al. 1997 , Turner et al. 2004 ). The old-growth forest started to decline dramatically in the 1960s when indigenous and nonindigenous farmers from different regions in Mexico and Guatemala moved to the region in search of land (Schwartz 1987 , Carr 2000 , Arreola et al. 2004 , Milian 2008 . In MBR, land speculators and ranchers have also had a critical influence on the forest conditions (Schwartz 1990) . Following the relatively recent settlements, Calakmul and Maya Biosphere Reserves were established in 1989 and 1990 (Acopa and Boege 1997 , Ponciano 1997 ). (Calakmul 2012 , Ybarra et al. 2012 . Despite their ethnic and geographical background differences, both indigenous and nonindigenous people share an interest in working the land.
Different sources contribute to the economy of these biosphere reserves; however, most households rely on agriculture (Turner et al. 2004 , Roy Chowdhury 2010 . The main crop is corn, although there are also cash crops, such as chili and squash (CONAP 2001a , Schmook et al. 2003 , Keys and Roy Chowdhury 2006 , Calakmul 2009 , Ybarra et al. 2012 . Cattle have become more prominent more recently, despite price and water availability challenges (Grandia 2009 , Busch and Geoghegan 2010 , Turner 2010a . Forestry and tourism have also increased their importance over the years, but more so in MBR than in Calakmul. Tikal and the forest concessions in Petén have produced more revenues than the archeological site of Calakmul and the forest concessions in southern Campeche (Gómez and Méndez 2007, Radachowsky et al. 2012) .
Water is a critical issue in this drought-prone region (Scarborough and Gallopin 1991, Turner et al. 2004 ). Calakmul's geological conditions prevent the formation of surface lakes or rivers ). In MBR, there are some superficial water bodies, including Lake Petén-Itza and Yaxha lagoon in the central area, and the Rio Usumacinta in the west. Nevertheless, farmers in neither Calakmul nor MBR have access to irrigation, which, together with the regional strong reliance on agriculture, makes them vulnerable to the more severe climate variability of recent years.
CLIMATE AND ADAPTATION
During the interviews, farmers from both biosphere reserves revealed that they had implemented adaptation strategies to minimize the negative effects that climate had over their livelihoods in a period of 5 to 10 years. Ninety-four percent of the interviewed farmers claimed "el clima ha cambiado" (climate has changed). Farmers were not referring to global climate change, but to precipitation patterns that differed from what they were accustomed to. Some farmers, mostly from Calakmul, http://www.ecologyandsociety.org/vol19/iss2/art53/ explained to me that for three decades, since the mid 1960s, when the current settlements were created, the seasonal rains consistently started on May 1st. In the late 1990s, they started to notice that rains became very erratic. This is, they observed that the beginning of the rain season was no longer May 1st. Some years, the seasonal rains would start in early May, some years in mid May, and in the worst years, in June, after having had some isolated rainy days in May.
The lack of consistency from one year to the next and especially the isolated rainy days in May made it difficult for farmers to figure out a new rain pattern to define their planting calendar. This change in precipitation patterns has been also observed by farmers in northern Yucatán (Faust 2004) . Another subset of farmers, mainly from MBR, told me "things were not as good as they used to be." They had observed rains were below the historical average. Those farmers correlated the "change" in precipitation to local deforestation, which they believe changed their microclimate. Overall, in both biosphere reserves, farmers linked their agricultural losses, to which they are adapting, to the variation in precipitation they observe. According to the limited meteorological data available, which miss information for some years and include only three stations for the whole area of study, precipitation in May has been variable in both biosphere reserves over time, not only in the last 5 to 10 years. However, the range within which rain levels have varied from year to year has expanded over the last decade in both biosphere reserves, having more pronounced variability in MBR than in Calakmul. Since the meteorological data available do not report the number of days with precipitation in May, it is not possible to know if farmers received most or all of the rain the meteorological services reported for May within 1 or 2 weeks at the end of the month and struggled for 2 or 3 weeks in early May.
Meteorological data as well as farmers' testimonies indicate that, due to climatic conditions, families in Calakmul and MBR have gone through very difficult periods in the past, not only in the years that preceded this research (Schmook et al. 2013 ). Yet, the intensity of the losses reflected in lower corn yields derived from climate variability has been large enough to incentivize farmers to implement adaptation strategies. Farmers in Calakmul and MBR have implemented adaptation strategies that farmers around the world have used for centuries, including migration, diversification, savings, and pooling. These strategies have been adopted by rural societies to respond to climate stimuli, as well as to other stressors affecting farmers' livelihoods, such as political, economic, or social changes (Halstead and O'Shea 1989 , Eakin 2005 , Agrawal 2008 ). The long and wide use of these adaptation strategies is linked to their potential to enable farmers to distribute risks across multiple dimensions. Through migration, farmers allocate risks over their livelihoods in different locations. Savings help to spread risks over time; people save what they make in good years to cover the shortages of bad years. Diversification of income sources allows farmers to distribute climate risks over different economic activities. Pooling allows farmers to share risks with a group of people who work together in a given enterprise. The data collection included interviews that I personally conducted with 353 households. The interviewees were always the head of the household. When the man had migrated, I interviewed his wife or children, whoever remained in charge of the family. All of the interviews were in Spanish, the language in which interviewer and interviewees were fluent, including people with indigenous background. The response rate was 99%, only one interviewee in Calakmul and one in MBR refused to participate in the interviews. All of the interviewees were farmers from 46 communities, 30 from Calakmul and 16 from MBR. These communities represent 37% and 14% of the communities established in Calakmul and Maya Biosphere Reserves. Figure 1 shows the approximate location of these communities.
METHODS

Data Collection
Communities and farmers were randomly selected. Both biosphere reserves maintain lists of communities inside the reserve and buffer zone. A random sample was generated using these lists. In each community, I interviewed the local authorities, comisario ejidal and cominsario municipal in Calakmul and alcalde auxiliar in MBR. Additionally, I interviewed key informants in each community, such as informal community leaders. The rest of the interviewees were randomly selected using the list of households maintained by the community governments. All of the interviewees were contacted and interviewed in their homes.
The sample of 353 farmers includes 287 landowners and 66 landless. Landowner refers to people holding a land property title, as well as de facto landowners. In Calakmul, landowners have a title or legal recognition of their rights. In MBR, some farmers have title, but an unknown number of them are de facto landowners having no legal registry supporting their ownership. Community members tend to treat de facto landowners as if they were de jure landowners, as they exercise access, extraction, management, alienation, and exclusion rights (Schlager and Ostrom 1992) over their plot in the same manner title landowners do. This is the case because none of the communities included in the research is an illegal settlement or faces the risk of eviction because of the biosphere reserve. Unwritten community rules also encourage community members and outsiders to respect de facto landowners' rights claims.
Additionally, I interviewed 53 officials representing nongovernmental organizations (NGOs), donors, federal, state, and municipal-level government, as well as members of decision-making councils at the community, regional, municipal, or biosphere reserve level. http://www.ecologyandsociety.org/vol19/iss2/art53/ The interviews with these officials, 63 landless farmers, and my observations of decision-making councils helped me to understand the governance and institutions at the community and biosphere reserve level and supported qualitative analysis. The landless farmers could not be included in the quantitative analysis of changes in land cover because those farmers do not have a plot over which deforestation could be recorded.
Adaptation Strategies and Changes in Forest
In this paper, I call adaptation strategies contributing to deforestation deforestation-driving strategies. These strategies are likely to be ineffective in the long term because, by reducing immediate impacts of climate on farmers' livelihoods through means that increase forest loss, they also affect farmers' livelihood and welfare prospects. Deforestation can backfire on farmers because it has many implications, such as changes in the availability of forest goods and wildlife supporting farmers diets (Rao et al. 2010 , Sunderland et al. 2013 , or the erosion of ecosystems' capacity to provide ecosystem services supporting farmers' productivity, e.g., control of local hydrological cycles and soil conservation (Foley et al. 2005 , Alcantara-Ayala and Dykes 2010). Additionally, deforestation can affect farmers' wealth and lives when linked to habitat loss and increased human-wildlife conflict (Woodroffe et al. 2005) . Adaptation strategies contributing to deforestation would also have a reinforcing effect on climate change through increased CO 2 emissions (Dale 1997 ).
Alternatively, climate adaptation strategies resulting in lower rates of deforestation, which I call conservation-driving adaptation strategies, can support social-ecological resilience. Conservationdriving adaptation strategies minimize the effects of climate variability on farmers' livelihoods while also maintaining habitats, the availability of forest products, and forests' capacity to produce ecosystem services. These strategies also contribute to emissions reduction and, in the tropics, they support biodiversity, which is associated with ecosystem resilience (Chapin et al. 2000) .
Deforestation and forest conservation were measured by the number of hectares cleared within the plot owned by each farmer. If the relationship between adaptation strategies and the number of hectares cleared is statistically significant, the sign of the coefficient for that adaptation strategy would indicate if it is a deforestation-driving or conservation-driving strategy. During the interviews, farmers reported the size of their plots and the number of hectares they have under different types of land cover, e.g., old-growth forest, crops, pastures. The size of the plots is defined in farmers' land titles or in the community agreements of land distribution or are self defined, but recognized by other community members (field notes). The difference between the total size of the plot and the remaining old-growth forest in the plot indicated the number of hectares each farmer had cleared by the time of the interview. For instance, for a given household, forest cover change would be equal to 30 ha if the household owns a plot with 40 ha and has 10 ha of old-growth forest left. This measurement provides the number of hectares of old-growth forest farmers have cleared since they settled in the community. In order to normalize the distribution of the dependent variable, I used the square root of the number of hectares cleared in the HLM model used for the statistical analysis supporting this paper.
In Calakmul, the interviewees received their plot fully covered with old-growth forest and all of the forest clearance could be credited to the farmers owning each plot. In MBR, not every farmer interviewed acquired his plot fully covered with oldgrowth forest. In those cases, farmers estimated the number of hectares they had cleared since they got their plot. Fires could have affected the forest cover in some plots in both biosphere reserves. Farmers reported their forest losses due to fires and the amount of hectares cleared was adjusted in those cases to what farmers reported they had cleared.
Given that interviewees did not assess the quality of the forest, but the number of hectares they had cleared, the likelihood of subjectivity is removed. Farmers could have incentives to provide inaccurate information given the restrictions imposed by the protected areas on forest clearance. Nonetheless, interviewees showed strong willingness to speak about their land uses, their antagonism or support toward forest conservation policies, and to account for the number of hectares they have allocated for different uses. No interviewee hesitated or refused to provide landuse and deforestation information, and 99% of those who were asked to participate accepted. It was not possible to triangulate the interviewee's responses because, according to my interviews with officials at the Land Reform Ministry in Mexico and the Geographical Information System (GIS) office at the National Commission for Protected Areas in Guatemala, no official records or GIS data of land ownership and forest coverage at the farmer level exist.
Adaptation Strategies-Proximate Causes
Four adaptation strategies, widely used over history by rural societies (Halstead and O-Shea 1989, Eakin 2005 ) and also commonly used in Calakmul and MBR, were examined: (1) migration (Adger et al. 2002) , (2) saving (van de Giesen et al. 2010), (3) diversification (Soini 2005) , and (4) pooling (Agrawal and Perrin 2008) . Farmers can pursue all of these strategies for multiple reasons, in addition to or instead of adaptation. Hence, I coded migration, saving, diversification, and pooling as adaptation strategies followed by farmers only when the interviewees explicitly said they (the head or any member of the household) were taking these actions, in part or fully, to minimize climate variability impacts in the last 5 to 10 years on their livelihoods. These are not mutually exclusive strategies; farmers can implement more than one adaptation strategy at the same time. However, the adoption of one strategy is independent from the adoption of another strategy. Adaptation strategies are independent dichotomous variables, denoting households' use or nonuse of them.
In Calakmul and MBR, these four strategies take specific forms related to the socioeconomic and institutional frameworks within which the interviewed farmers make decisions. Migration can be temporary or permanent, domestic or international, by one or several household members, by the head of the household or by any of its members. Migration is not a strategy exclusively or mostly used by particular groups of farmers. When farmers migrate, they allocate family labor to locations where climatic risks are uncorrelated. Savings in cash are rare in rural areas like Calakmul and MBR due to the absence of financial services. Storing food is a common alternative used to save in rural societies, but not an optimal saving strategy in the area of study because of the difficulty of keeping the food in good condition. Alternatively, cattle ranching allows farmers to save their Diversification of income sources can take as many forms as farmers have interests, skills, or opportunities. Off-farm jobs as well as participating in the exchange of goods through local provision shops are two of the many income diversification strategies used in Calakmul and MBR. Pooling is supported by governmental and nongovernmental funds that promote the development of productive groups engaged in environmentally friendly or at least low land intensity economic activities.
Dependent variable
Socioeconomic and Institutional Factors-Underlying Causes
To analyze whether adaptation strategies influence forest change while taking into account the theoretical insights the scholarship already offers about forest change, I examined four additional independent variables: (1) population, (2) distance, (3) cash benefits from the forest, and (4) participation in decision making. Population measures the number of household members and distance in minutes from the community to the commercial and administrative center by car. The variable cash benefits reflect farmers' perceptions about the cash benefits they receive from the forest. Farmers can derive cash benefits from multiple sources, including forest products sales and compensation for forest conservation. Participation was measured as exclusion from decision making at the protected area level. The interviews revealed that all of the farmers who felt the government does not take them into account in making decisions about natural resources in the region where they live and work also felt entitled to receive some compensation to comply with forest conservation regulations. Farmers who expressed that the government must compensate them for the conservation of the forest were then coded as farmers excluded from decision making. Table 1 presents the list of analyzed variables, the level at which they were measured -farmer (f) or community level (com), and measurement and descriptive statistics. (Raudenbush and Bryk 2002) to answer the research question using data of farmers nested within communities. The analysis of multilevel data generates results with larger generalization power than the analysis of single-level data, such as comparisons of communities without information on individual farmers or single community case studies that do not represent the wider context of the biosphere reserves. However, nested data require analytical tools, such as HLM models, that produce unbiased tests of the effects of the model because the assumption of independence of observations is violated, given that farmers within communities share characteristics (Gelman and Hill 2007, West et al. 2007) . Hierarchical linear models are powerful for analyzing nested data, but they cannot directly model complex causal processes, such as those involved in the relationship between underlying and proximate causes (Bauer 2003) .
Analysis
I use a hierarchical linear model (HLM)
In order to address this challenge I followed a mixed strategy consisting of analyzing the mediating influence of adaptation strategies using two HLM models and explaining the results in the light of the indepth knowledge I acquired during a year and Bauer et al. 2006) . This analytical strategy is limited compared with structural equation modeling to explain complex causality. Yet, it offers insights of the indirect and direct drivers of deforestation and forest conservation in a multilevel context.
The statistical analysis only included the data provided by the 287 landowners. The information provided by the 66 landless farmers was important for understanding institutions and governance in the communities and biosphere reserves but could not be used in the quantitative analysis because landless farmers do not own a plot where the number of hectares they have cleared could be measured. The land that landless farmers use is either rented or borrowed from relatives or neighbors who clear old-growth forests and leave others to use secondary forest, in which soils are not as good. The total number of farmers analyzed in the HLM model is 262 because of missing data for some of the analyzed variables for 25 of them. Table 2 provides information on the regression coefficients, standard errors, and statistical significance of the variables analyzed in the Full Model and the Underlying Causes Model. In both models, the residuals are normally distributed and no outliers or heteroscedasticity were found. The chi 2 = 0.0000 (based on Wald Chi-square) rejects the null hypothesis that all of the coefficients in the models are equal to 0. The Chibar 2 = 0.000 suggests that the average number of hectares cleared varies between communities. Twenty-seven percent of that variance is explained in the Full Model by distance to the commercial and administrative center, the only community-level variable analyzed. The Underlying Causes Model is used only to check for mediation; hence it is not relevant for measuring the contribution of community-level variables to explain the variance in the average number of hectares cleared between communities. Due to the size of the sample, it is not possible to estimate if the influence of household-level variables on the number of hectares farmers clear varies depending on the community where the farmer lives.
RESULTS
The Full Model answers the question of whether adaptation strategies contribute to deforestation or forest conservation by indicating that there is not a common outcome for all adaptation strategies. Farmers' climate adaptation strategies can contribute to deforestation, forest conservation, or have no effect on the number of hectares farmers clear as well. Saving using cattle ranching is a deforestation-driving strategy. However, diversification through off-farm jobs or provision shops is a conservation-driving strategy. Migration and pooling are not statistically significant variables, which could be interpreted as if they were neutral strategies. This model also shows that the socioeconomic and institutional variables studied in this paper were statistically significant, as the theory predicted. A larger http://www.ecologyandsociety.org/vol19/iss2/art53/ number of household members and exclusion of farmers from natural resources management decisions contribute to deforestation. Farmers' perception of a higher level of cash benefits from the forest and longer distances from farms to markets support forest conservation by decreasing the number of hectares farmers clear.
The comparison between the two models presented in Table 2 indicates that the regression coefficients of socioeconomic and institutional factors decreased with the introduction of diversification and saving adaptation strategies in the analysis. This change in coefficient values indicates these two statistically significant adaptation strategies explain part of the relationship between population, distance, cash benefits, and exclusion and the number of hectares farmers clear. This means that diversification and saving adaptation strategies are in the causal path between independent and dependent variables, which has two implications. First, the underlying causes influence farmers to choose cattle, jobs, and shops to adapt. Second, these three strategies work as direct causes of changes in the size of forest.
The evidence from Calakmul and MBR suggests that the strategies farmers follow to adapt to climate variability contribute to deforestation as well as to forest conservation. Thus, due to its negative and positive unintended outcomes, farmers' adaptation to current and future climate variability and change should be taken seriously. Yet, farmers' adaptation strategies are merely proximate causes of changes in the size of forests. Farmers' selection of a deforestation-driving adaptation strategy over a conservation-driving adaptation strategy depends on socioeconomic and institutional factors providing the context within which farmers make decisions. Farmers' context and adaptation strategies need to be analyzed simultaneously to gain a more complex understanding of the drivers of forest change and to tease out the direct and indirect drivers of deforestation and forest conservation.
DISCUSSION
Considering that the warming of the climate system is unequivocal (IPCC 2007b) , the need to implement adaptation strategies to support farmers affected by climate is pressing. Yet, the strong and urgent call to implement climate adaptation strategies should not be an excuse to define adaptation goals and assess its success following a single dimension focused on livelihoods. It is important to learn from the development experience, in which large and irreversible processes of ecosystem degradation have occurred in the name of social needs.
The findings from this research suggest that the fate of the forest in an important conservation hot spot in the Americas is directly influenced by farmers' adaptation strategies. The implications of deforestation in this area are global due to biodiversity loss and CO 2 emissions. At the local level, farmers expressed concerns during the interviews about the negative impacts deforestation has already had on their livelihoods. People are struggling with the reduced availability of firewood, wood for home construction, and game to add protein to their diets. Farmers also associate an increased rate of human and crop diseases with deforestation. They miss the shade and the recreation value of the forest that has been lost with deforestation. Some of them correlate local changes in precipitation patterns to deforestation.
Distance, Cash Benefits, and Deforestation-Driving Adaptation Strategies
Cattle ranching is a deforestation-driving strategy because it is a land-intensive activity. Cattle rarely substitute for agriculture. In general, farmers adopt cattle as a complementary income (Roy Chowdhury 2010) . Farmers told me they choose cattle ranching as an adaptation strategy because it is the best option they have available to save. As mentioned in the results section, cattle ownership is influenced by socioeconomic and institutional factors. For instance, access to social status, liquidity, and informal credit markets also influence farmers to invest on cattle in the area of study and worldwide (Brondizio and Moran 2008 , Herrero et al. 2009 , Barona et al. 2010 . My interviews with farmers also revealed that, in both biosphere reserves, distance to markets and cash benefits provide resources, affect opportunity and production costs, or define incentives that influence farmers' decisions to use cattle to adapt.
Distance to the commercial and administrative center is a key factor influencing the choice of cattle in Calakmul and MBR. Families living in more centrally located communities have comparative advantages vis-à-vis families living in distant communities for raising cattle. Proximity to the center increases farmers' access to veterinary care, inputs, technicians, and government officials supporting cattle ranching, in addition to reducing the cost of commercialization. Cattle ranching is inaccessible to those who cannot bear the cost of traveling to the center to get information and government subsidies to raise cattle or who can only receive a little pay for their cows from the middlemen who commercialize the animals and take a cut to compensate for transportation costs. Some farmers in remote communities told me that payment sometimes does not even cover the cost of raising the animals. Cattle ranching is a very complex social process in the region, involving land speculation, money laundering, and historical processes of social exclusion (Busch and Geoghegan 2010, Grandia 2012) . Nonetheless, the use of it to save to adapt to climate variability has also contributed to the extension of cattle in the region and to the social costs of deforestation on farmers.
Cash benefits from the forest have a negative effect on cattle ranching by discouraging farmers from investing in it. When farmers receive cash from the forest, either through conservation programs or from selling forest products, the opportunity cost of clearing the forest increases and the incentives to raise cattle decrease. Benefits from the forest have been an important factor supporting conservation in different regions around the world (Gibson et al. 2000 , Agrawal 2005 , Persha et al. 2010 . In Calakmul and MBR, people who are involved in commercialization of timber and nontimber forest products have become strong advocates of forest conservation. The forest concessions in MBR have had mixed experiences, but overall they constitute a success story for forest conservation based on the generation of cash benefits for farmers (Gómez and Méndez 2007, Bray et al. 2008 , United Nations Development Programme (UNDP) 2012). Farmers who are not members of the forest concessions often expressed to me their wish to have the safety net that the concessions offer to their members and claimed their opportunities to conserve the forest are limited compared with those that members have. http://www.ecologyandsociety.org/vol19/iss2/art53/ In Calakmul, groups of people working on tourism, traditional medicine, and honey production are examples of the great importance that the generation of benefits has to provide incentives for conservation. Beekeepers, in particular, not only protect their forest but also advocate among their neighbors for forest conservation and the reduction of agrochemicals to protect a larger area where bees can find flowers and maintain the organic certification of their honey. For people receiving cash from any of these sources in Calakmul or from forest concessions in MBR, clearing the forest has an opportunity cost that they can measure in dollars. In the midst of climate variability, people told me that relying on forest products is safer than on crops or even on cattle, which requires high investment in water for the animals. Bees can be affected by droughts or hurricanes, but the cost of supplemental feed (sugar) is relatively low, and government programs and strong leadership have made sugar available in cases of emergency. If there is a drought, people might lose their crops, but roads in the forest remain accessible, which allows people who rely on the sale of timber and nontimber forest products to extract for longer periods. These examples show how directly and indirectly, through discouraging cattle ranching, cash benefits from the forest support conservation.
Distance, Population, and Conservation-Driving Adaptation Strategies Diversification, either through off-farm jobs or operating provision shops, is a conservation-driving strategy. This is because off-farm jobs and provision shops require no land and are labor intensive. When farmers choose either of these two activities, they have limited time left to allocate to other economic activities. Due to their strong traditions, people explained to me they still invest a fraction of their effort in growing their own corn. Otherwise people with jobs and shops substantially reduce their farming effort, and with it, they tend to let fallows grow and stop or decrease forest clearing. Adapting to climate variability through jobs and provision shops appeals to farmers because in general the revenues of these activities are greater than the revenues from agriculture, but more so when they are stressed by climate. The income farmers get from jobs and shops is mostly independent from climate events. Shop owners sell less or have to provide credit to clients when climate affects crops and people cannot afford to buy from the shop. Nonetheless, shop owners claimed they were better off with their shop than without it.
Socioeconomic factors also influence farmers' selection of jobs and shops to adapt. Distance to the center and the number of family members are particularly important. When you travel in Calakmul and MBR, you notice shops in every community, but the farther you go from the commercial center, the more common shops become. This is because families' reliance on the goods offered in community provision shops increases together with the costs of traveling to the commercial center. Time and money deter people from going to the market to get supplies. The local provision shops offer a variety of goods, which can also be bought on credit or in small portions that reduce the out-of-pocket expense. A captive market encourages the adoption of shops as an adaptation strategy as it has large expected profits.
Beyond its impact on the selection of diversification and saving adaptation strategies, the scholarship on land-use change has found that distance is a critical factor for deforestation (Nagendra et al. 2006 , Bray et al. 2008 , Carr 2008 . Proximity to commercial and administrative centers creates more opportunities for people to commercialize their agricultural products, send their children to school and network with farmers from different communities and governmental and nongovernmental organizations, which expand farmers' horizons beyond landintensive activities.
The number of family members is an important factor farmers consider when choosing their adaptation strategies. The model indicates that larger families have more hectares cleared. This is because the ability of small families to work the land is limited compared with large families given that agriculture is labor intensive. Jobs and shops are also labor intensive but demand less from families with few, young, or grown-up children. Hence, small families are more likely to choose conservation-driving adaptation strategies and clear fewer hectares of forest. Thus, the size of the family influences deforestation through its influence on the selection of adaptation strategies. Directly, population also influences deforestation because the need to produce food and hence to clear land is greater for larger families.
Participation
The effect of exclusion on the number of hectares farmers cut is not clearly connected with the selection of saving or diversification strategies. Yet, it is a critical factor explaining deforestation. The analysis of this paper and the literature indicate that participation in decision-making processes influences farmers' protection of natural resources (Agarwal 2001 , Ribot 2004 , Persha et al. 2011 . In Calakmul and MBR, I found that farmers with no access to decision-making councils or to benefits derived from the decisions made in those councils consider themselves excluded. Excluded farmers are resentful and antagonistic toward any organization advocating for forest conservation and may clear more hectares than farmers who are not excluded. This is because, to meet forest conservation demands coming from the government, farmers have to work on land that has been cultivated for several years, instead of on land that has been recently cleared. Older clearings are hard to work due to the growth of weeds and loss of soil productivity, which leads to higher costs and smaller harvests that translate into welfare losses. Hence, farmers feel entitled to either receive compensation in exchange for their efforts and losses or to continue clearing the forest.
Farmers that participate in decision-making councils expressed that they value their participation in discussions about natural resources management because it gives them the opportunity to share their knowledge, advocate for their interests, and open opportunities for themselves. These farmers also tend to explain their receptiveness to conservation initiatives and development of economic activities with low land intensity as a result of their participation in decision making.
CONCLUSIONS
Unintended outcomes of climate adaptation strategies have been widely discussed, however, empirical exploration has been neglected. In this paper, I show that climate adaptation can increase or decrease forest loss depending on the type of adaptation strategy farmers implement. In Calakmul and MBR, farmers who choose to save through cattle ranching as an
